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The paper presents an application of carbon isotope analysis in the archaeometric research of
graphite-tempered ceramics. Graphite separated from Celtic graphitic ceramics were analysed from
Szûr, Szajk and Dunaszentgyörgy archaeological sites from the South Transdanubian region of
Hungary. Variation in δ13C values of graphite in the sampling sites is attributed to the characteristics
of graphitic metamorphic rock used for tempering. The carbon isotope results will serve as basis for
further provenance research on graphite.
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Introduction
The Celtic graphitic ceramic is a distinctive type of pottery tempered with
graphite and known from most part of the Central European Celtic world. In the
area of Hungary graphitic pots were produced in great numbers from the middle
La Te`ne period (Szabó et al. 1999) until the decline of the Celtic dominion (1st
cent. A.D.). Graphitic ceramics can be found in a wide geographical area, not only
around the graphite sources, which suggests extended trade. Former results,
based on the mineralogical and petrographic analyses carried out on graphitic
ceramics from Hungary (Havancsák et al. 2009a, b), suggest that the studied
ceramics were tempered with graphitic, medium- to high-grade metamorphic
gneiss. This graphitic gneiss cannot be found in outcrops in the area of Hungary.
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Our study is an example for utilizing carbon isotope analysis, a technique that
is commonly used in geological research, on graphite temper of archaeological
graphitic ceramics. The main aim of the overall work is to investigate the carbon
isotope composition of graphite in the pottery and compare them with that of
graphitic host rocks from the potential source regions. In this paper we present
the first results of the carbon isotope analysis performed on graphitic ceramics
from Hungary.
Sample description
The 32 graphitic ceramics were analysed from three archaeological sites:
Dunaszentgyörgy (LT B2-C1, 11 sherds), Szûr (LT D, 14 sherds) and Szajk (LT B2-
C1, 7 sherds), which are located in South Hungary on the flood plain of river
Danube. The graphitic ceramics belong to situla-type sherds (thick wall, swollen
rim). They were tempered with graphitic metamorphic rock. Graphite grains
appear as opaque, individual fresh flakes and in lithoclasts with silicate minerals.
The sherds show great variability in the amount and size of graphite from ~ 5 to
50% and between very fine and coarse grains (from few µm up to 5 mm),
respectively. For their detailed archaeometric and petrographic description see
Havancsák et al. (2009a, b).
Methods
The sherds chosen for isotope analysis were pulverized and treated with 10%
acetic acid to remove carbonate. After being leached three times the samples were
centrifuged and dried at 40 °C. The separated graphite samples were oxidized
with copper oxide in evacuated quartz tubes closed with a Teflon valve at 950 °C
based on the method of Sofer (1980). The evolved H2O and CO2 were separated
online by cold traps using liquid nitrogen and ethyl alcohol cooled below –80 °C.
The 13C/12C ratios were determined using a Finnigan MAT delta S type stable
isotope ratio mass spectrometer. The results are given in the conventional δ value
(δ = (Rsample/Rstandard–1)*1000, where Rsample and Rstandard are the 13C/12C ratios
in the sample and standard, respectively) relative to V-PDB in ‰. Based on
sample reproducibility and differences in δ13C values obtained for standards
from their theoretical values, the accuracy is better than ±0.1‰ for δ13C.
Results and discussion
The δ13C values of the samples range between –28.6 and –20.9‰ (Table 1).
Figure 1 shows the distribution of δ13C values in the archaeological sites.
Graphitic samples from Szûr show the largest variation in their δ13C values, the
ceramics from Szajk show a smaller variation, while the sherds from
Dunaszentgyörgy show the smallest variation with δ13C values ranging between
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–26.0 and –24.1‰. In the sample sets
three groups can be distinguished on
the basis of δ13C data (Fig. 1). Their
separation is good at Szajk (from –28.6
to –27.9‰; from –26.2 to –25.6‰;
–23.8‰) and Szûr (from –28.5 to
–27.0‰; from –25.6 to –22.7‰; from
–21.2 to –20.9‰) and slightly weaker at
Dunaszentgyörgy (from –26.0 to
–25.8‰; from –25.4 to –24.9‰;
–24.1‰). However, the separation of
data groups may disappear if the
number of analysed samples increases.
The observed variability in carbon
isotope data was not detected in the
petrographic or mineralogical char-
acteristics of graphite. The wide range
of δ13C values may suggest that the
graphitic raw material (graphitic rock)
was not homogeneous in its carbon
isotope composition or fractionation/
isotope shift occurred during pottery
making (firing) or after the burial
(interaction with fluids). Based on the
X-ray diffraction analyses the firing of
the sherds was carried out in general at
a maximum of about 850 °C in reducing
atmosphere with short duration
(Havancsák et al. 2009a). Graphite can
suffer kinetic fractionation related to
partial oxidation during the firing process if it is not fully-ordered, which should
occur at a temperature of around 500 °C (Landis 1971). It is presumable that the
studied graphite is well-ordered based on the mineralogical assemblage of
graphitic rock fragments in the ceramics: the used graphitic rock is a medium- to
high-grade (amphibolite facies) metamorphic gneiss. Thus, kinetic fractionation
effect can be neglected. However, isotope exchange may occur if carbonate is
present. Argillic raw material mixed with the graphitic rock has usually up to 6
wt% CaO content (Havancsák et al. 2009a). The carbon isotope composition of
graphite could change through exchange reactions with carbonate (e.g. Bottinga
1969). Contrarily, Chacko et al. (1991) report that an experiment run at 800 °C and
15 kbar for 170 hours produced essentially no isotope exchange between calcite
and graphite. The firing process of the ceramics was probably shorter than the
above-mentioned experimental time. In addition Wada and Suzuki (1983) suggest
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Sampling site Sample δ
13
C (‰)
ő.2009.65.59.1. –20.9
ő.2009.65.64.309. –20.9
ő.2009.65.51.6. –21.0
ő.2009.65.11.26. –21.2
R.2009.65.28.14. –22.7
ő.2009.65.97.3. –22.7
ő.2009.65.56.51. –23.5
ő.2009.65.164.38. –24.0
ő.2009.65.56.87. –24.7
ő.2009.65.56.81. –25.6
ő.2009.65.166.77. –27.0
ő.2009.65.169.13. –27.0
R.2009.65.2.5 –27.9
Szűr
R.2009.65.2.3. –28.5
ő.2006.73.53.38. –23.8
ő. 2006.73.53.37. –25.6
ő. 2006.73.135.53. –26.1
ő.2006.73.135.51. –26.2
ő.2006.73.134.2. –27.9
ő.2006.73.20.129. –28.4
Szajk
ő.2006.73.53.39. –28.6
GRDSZGY-14 –24.1
GRDSZGY-3 –24.9
GRDSZGY-20 –24.9
GRDSZGY-19 –25.0
GRDSZGY-6 –25.1
GRDSZGY-2 –25.2
GRDSZGY-12 –25.3
GRDSZGY16 –25.4
GRDSZGY-11 –25.8
GRDSZGY-8 –25.9
Dunaszent-
györgy
GRDSZGY-4 –26.0
Table 1
The δ13C values of the studied graphitic
ceramics
that armouring of graphite by silicate minerals can hinder the isotope exchange
between graphite and carbonate. Graphite grains in the texture of the studied
ceramics are surrounded by silicate minerals, such as quartz, K-feldspar, mica,
kyanite and sillimanite. Isotope exchange after the burial is not likely. Jüntgen
and Karweil (1966) show that there is no isotope shift below temperatures of
100–150 °C, even if we disregard the above-mentioned "silicate armour effect"
that blocks the isotope exchange.
Isotope shifts during the pottery manufacturing process and after the burial
can be excluded and we suggest that the measured carbon isotope composition
of graphite is characteristic for the graphitic metamorphic gneiss.
The carbon isotope composition of graphite provides information about its
genesis (e.g. Craig 1953; Galimov 1975). Based on the obtained values, the studied
graphite temper is supposed to be syngenetic carbon material, i.e. formed
through the metamorphic evolution of organic matter. The metamorphic origin
of graphite is in good correspondence with the petrographic observations.
Conclusions
Carbon isotope analysis of graphite in Celtic ceramics revealed a wide range of
δ13C values. The observed variability suggests that the graphitic raw material
used for tempering of pottery was not homogeneous in its carbon isotope
composition. Kinetic fractionation effect and isotope exchange between graphite
and carbonate in the pottery can be neglected. The measured δ13C values are
supposed to be characteristic for the metamorphic gneiss containing syngenetic
(metamophic) graphite.
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Fig. 1
The distribution of δ13C
values of graphite in each
archaeological site
The applicability of carbon isotope analysis for provenance determination of
graphite temper in archaeological ceramics will be evaluated in the next stage of
research.
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